Introduction
The transcription factor nuclear factor-kB (NF-kB) controls the expression of many gene products that are important to the development of cancer. NF-kB transcriptional activity is essential for uncontrolled proliferation, enhanced inflammation and initiation and maintenance of epithelial to mesenchymal transition (Huber et al., 2004; Karin and Greten, 2005) . There are five members in the mammalian NF-kB family, RelA/ p65, RelB, cRel, p50/p105 and p52/p100 (Baldwin, 1996) . All NF-kB family members contain a Rel homology domain (RHD), through which family members form homodimers and heterodimers. The most studied and predominant form of NF-kB consists of a heterodimeric p65 and p50 complex. NF-kB is sequestered in the cytoplasm by the inhibitory protein, IkB. Upon cellular stimulation, signaling cascades are initiated that converge on the IkB kinase (IKK) complex (Hayden and Ghosh, 2004) . This kinase complex phosphorylates IkB, leading to its polyubiquitination by the SCF-type E3 ligase, E3RS
IkB/b-TrCP and subsequent degradation by the 26S proteosome (Karin and Ben Neriah, 2000) . The active NF-kB heterodimer is then able to translocate to the nucleus where it replaces the inactive p50 homodimer on chromatin and initiates transcription.
NF-kB stimulates gene transcription by recruiting coactivator complexes that contain histone acetyltransferases (HATs). NF-kB facilitates loading of basal transcription factors and RNA polymerase II onto the NF-kB-regulated promoter. Co-activator complexes contain p300 or CREB-interacting-binding protein (CBP), as well as p300/CBP-associated factor, or members of the SRC kinase family. Our laboratory has shown that acetylation of p65 at lysine 310 by p300 is associated with full transcriptional activity . To effectively recruit co-activator complexes, the p65 subunit of NF-kB must be posttranslationally modified on specific residues. Phosphorylation of p65 at serine 276 or 536 is necessary for exchanging co-repressor complexes for co-activator complexes (Zhong et al., 2002; Chen et al., 2005; Hoberg et al., 2006) . Our laboratory has shown that the activation and repression of NF-kB-responsive genes is a dynamic process, with continual exchanges between co-activator and co-repressor complexes (Hoberg et al., , 2006 . Upon the termination of transcriptional activation, much of NF-kB is removed from the nucleus and sequestered in the cytoplasm by newly synthesized IkBa, which resets the pathway for subsequent reactivation (Chen et al., 2001) . This mechanism may account for the nuclear export of the NF-kB heterodimer, but it may not account for the termination of NF-kB transcription. Transcriptionally active NF-kB is targeted for proteosomal degradation at the chromatin level (Saccani et al., 2004) , suggesting that a transcriptionally active subpopulation of NF-kB is degraded rather than exported. Recently, p65 has been shown to be ubiquitinated by the COMMD1-ECS SOCS1 E3 ligase complex (Maine et al., 2007) . The ability of COMMD1 to interact with p65 in a chromatin-dependent manner indicates that recruitment of the COMMD1-ECS SOCS1 E3 ligase complex most likely controls the turnover of chromatin-bound NF-kB complex (Burstein et al., 2005) . Therefore, the cell may differentially regulate the fate of the NF-kB complex under the context of transcriptional regulation.
Copines are a family of calcium-dependent lipidbinding proteins that are evolutionally conserved from Arabidopsis to Homo sapiens. Nine human copine family members have been identified (Tomsig and Creutz, 2002; Maitra et al., 2003) . Copine-I, -II and -III are ubiquitously expressed, while the other family members are tissue specific. Copines are comprised of two N-terminal C2 domains (C2Ds) and a C-terminal A domain (AD) (Tomsig and Creutz, 2002) . The C2Ds of copines contain aspartate residues important for calcium and phospholipid binding (Nalefski and Falke, 1996; Rizo and Sudhof, 1998) . The AD shows similarity to proteins that contain the von Willebrand factor (vWF) domain referred to as the vWF A domain (vWA) protein superfamily (Whittaker and Hynes, 2002) . Although the majority of vWA-containing proteins in higher eukaryotes is extracellular, the most evolutionally conserved vWA domains are intracellular proteins. Secondary structure predictions and crystal structure data of the vWF indicate that the AD is composed of alternating a-helices and b-strands that adopt a classic a/b Rossmann fold. Similar to many vWA-containing proteins, copine contains a metal ion-dependent adhesion site (MIDAS) motif, which is critical for manganese and magnesium binding (Creutz et al., 1998; Tomsig and Creutz, 2000) .
Although copine-I was shown to bind several intracellular proteins with diverse biological functions (Tomsig et al., 2003) , the role of copine-I in regulating biological processes is not well understood. The presence of cis-kB-binding elements in the promoter region for copine-I provided the initial rationale for investigating whether copine modulated NF-kB transcription in response to tumor necrosis factor-a (TNFa) (Tomsig et al., 2004) . Work presented here extends these initial studies and provides evidence that copine-I directs N-terminal proteolytic processing of p65 within a conserved region that is required for base-specific contact with DNA. The resulting processed p65 no longer binds DNA, but rather acts as a dominantnegative inhibitor of NF-kB transcription. The ability of copine-I to post-translationally modify p65 is a unique mechanism used by cells to regulate NF-kB transcriptional responses.
Results
Copine-I blocks NF-kB transcriptional activity To elucidate whether copine-I regulates NF-kB-activity, we performed transient transfections using an NF-kBresponsive luciferase reporter. Prostate cancer cell lines DU145, PC3 and LNCaP were chosen because they are known to display basal and TNFa-inducible NF-kB transcriptional activity (Mayo et al., 2002) . Expression of copine-I inhibited NF-kB transcription in all cell lines tested following a 4 h stimulation with TNFa ( Figure 1a ). The loss of NF-kB-mediated transcription was not due to loss of cell viability, because luciferase values were normalized to b-galactosidase activity. The ability of copine-I to block NF-kB transcription was not altered in response to calcium signaling, since the addition of carbachol, a muscarinic receptor agonist, or the calcium ionophore A23187, failed to rescue TNFa-induced NF-kB transcription in cells expressing copine-I (data not shown). Expression of copine-I blocked both TNFa-and interleukin-1b (IL-1b)-induced NF-kB transcriptional activity, indicating that copine-I was inhibiting NF-kB at a common point in the cytokine pathways (Figure 1b) . Copine-I also inhibited TNFa-induced activity of the IL-8 promoter in an NFkB-dependent manner, in comparison to a mutant IL-8 promoter lacking functional cis-kB DNA-binding elements ( Figure 1c) . Additional experiments show that cells expressing copine-I displayed reduced NF-kB transcriptional activity mediated by p65, RelB and cRel ( Figure 1d ). Results shown in Figure 1 are different from those previously published (Tomsig et al., 2004) . Hemagglutinin (HA)-tagged copine-I used in Figure 1 is expressed in both the cytosol and nucleus (Supplementary Figure 1 ). However, green fluorescent protein (GFP)-copine-I, used in the previous study, is excluded from the nucleus (JL Tomsig and CE Creutz, unpublished observations). Thus, copine-I localization may explain the difference between our results and those previously published (Tomsig et al., 2004) . Collectively, our results indicate that copine-I inhibits NF-kB transcriptional activity.
Knockdown of endogenous copine-I increases NF-kB activity To explore the effect of endogenous copine-I on NF-kB activity, we used small interfering RNA (siRNA) to knockdown copine-I expression. Copine-I siRNA effectively inhibited copine-I mRNA expression in DU145 cells, compared to cells treated with control siRNA (Figure 2a) . To confirm the specificity and efficiency of the copine-I siRNA on protein knockdown, we repeated experiments in human embryonic kidney (HEK) 293T cells expressing HA-tagged copine-I or Flag-tagged copine-IV proteins. Copine-I siRNA knocked down HA-copine-I expression without altering Flag-copine-IV protein levels, demonstrating the specificity of the copine-I siRNA ( Figure 2b) . As a tool to study endogenous copine-I expression, we generated a rabbit polyclonal antibody against a unique peptide sequence in the C-terminal domain of copine-I. The polyclonal antibody recognized endogenous copine-I, demonstrating the specificity of the newly developed a-copine-I antibody (Figure 2c ). To elucidate whether endogenous copine-I expression was affecting NF-kB transcription, siRNA was used to knockdown copine-I expression in DU145 cells and quantitative real-time PCR (QRT-PCR) was performed. We chose to evaluate IL-8 and Bcl-X L expression because our laboratory has previously shown that these transcripts require NF-kB for transcriptional activity . siRNA knockdown of copine-I resulted in increased TNFa-induced IL-8 and Bcl-X L gene expression, indicating that copine-I inhibits NF-kB transcriptional responses at an endogenous level (Figure 2d ).
Copine-I binds to the N-terminus of p65 First, we examined whether copine-I blocked NF-kB nuclear translocation or the transactivation potential of p65. Expression of copine-I neither blocked TNFainduced degradation of IkBa, nor prevent p65 nuclear translocation (Supplementary Figure 1) . Rather, we used Gal4-reporter assays to show that copine-I blocked the transactivation of the full-length Gal4-p65, but not the . Thus, copine-I requires regions within the N-terminus of p65 to inhibit transcription. Next, we examined whether copine-I interacts directly with p65. HA-tagged copine-I interacted with endogenous p65 regardless of whether p65 or epitope-tagged copine-I was immunoprecipitated (Figure 3a) . Moreover, endogenous p65 and copine-I protein complexes Inhibition of NF-jB transcription by Copine CS Ramsey et al were observed following immunoprecipitation with a-p65-specific antibodies ( Figure 3b ). Since results shown in Supplementary Figure 1 suggest that copine-I requires the N-terminus of p65 for transcriptional inhibition, we performed in vitro binding assays to localize the interaction. Glutathione S-transferase (GST)-copine-I interacted with both the full-length and p65(1-313) proteins, but not with the C-terminal p65 proteins ( Figure 3c ). In reciprocal experiments, in vitro transcribed and translated copine-I interacted with recombinant GST-p65 in the N-terminal region of p65 ( Figure 3d ). Taken together, these results show that copine-I binds to the N-terminus of p65 between residues 1-286 ( Figure 3e ). This region of p65 overlaps with the RHD, which contains important functional domains required for DNA binding, IkBa interaction and protein dimerization with other Rel family members (Baldwin, 1996) .
Functional characterization of copine-I domains
The structure of copine-I consists of two calcium-and phospholipid-binding C2Ds followed by a vWF A domain, which contains a metal-binding MIDAS motif ( Figure 4a ). Several mammalian copine-I expression plasmids were generated, including full-length protein, the C2D, the AD and myristilate-tagged full-length copine-I construct ( Figure 4a ). The Myrcopine construct was designed to artificially mimic cytoplasmic membrane localization of copine-I. Western blot analysis of HEK 293T cells expressing the epitopetagged constructs confirms protein expression ( Figure 4b) . Surprisingly, all of the copine-I expression constructs effectively inhibited p65-stimulated NF-kB transcriptional activity except for the Myrcopine-I (Figure 4c ). The copine-I AD was the most effective inhibitor of p65 transcription. This result is consistent with the vWA being the functional domain of the copine-I protein (Creutz et al., 1998) . The inability of the Myr-copine-I construct to block NFkB-responsive luciferase reporter suggests that membrane localization of copine-I disrupts the ability of copine-I to inhibit NF-kB activity. This hypothesis is supported by the observation that Myr-copine-I localizes the protein to the cytoplasmic membrane ( Figure 4e, center panel) . The ability of the C2D to inhibit p65 transcriptional activity was unexpected (Figure 4c ). C2Ds may function as dimerization domains in the presence of calcium (Tomsig et al., 2003) . This published result supports our observation that copine-I functions as a dimer where the C2D recruits endogenous copine proteins.
To elucidate whether the C2D binds to full-length copine-I, we performed in vitro binding assays. GSTcopine-I effectively isolated both full-length and the C2 domain (Figure 4d ). However, the GST-copine-I interacted weakly with the AD. The interactions with the full-length GST-copine-I were specific, because neither full-length copine-I nor the truncated proteins bind to GST alone. Our results suggest that copine-I interacts Inhibition of NF-jB transcription by Copine CS Ramsey et al with itself through the C2 domain. This may explain how Myr-copine-I might act to relocalize endogenous copines and other components to the cellular membrane.
To determine whether copine-I functions as a natural inhibitor of NF-kB transcriptional responses, we created stable HEK 293 cells expressing vector control (VC), full-length copine-I or Myr-copine-I (Figure 4e ). The myristilation sequence effectively localizes copine-I to the cytoplasmic membrane, as confirmed by membrane fractionation assays and western blotting for the Flag epitope (Figure 4e ). RNAs were isolated from stable cell lines following the addition of TNFa, and QRT-PCR was performed. HEK 293:VC cells displayed normal induction of IL-8 gene expression in response to TNFa (Figure 4e ). In contrast, HEK 293:copine-I cells failed to display significant levels of IL-8 transcripts following TNFa stimulation. Surprisingly, HEK 293:Myr-copine cells were more responsive to TNFa-induced IL-8 gene expression than control cells. Similar patterns of TNFainduced gene expression were observed for c-IAP-2 and Bcl-X L using the HEK stable cell lines (data not shown). These results provide evidence that copine-I is an important regulator of endogenous NF-kB transcriptional activity in response to TNFa.
Copine-I cleaves the N-terminus of p65
During our initial analysis, we noticed that copine-I was controlling the levels of Flag-p65 protein expression. Western blots were performed to address this issue. Cells expressing copine-I displayed less Flag-p65 protein expression in the soluble RIPA lysate, compared to cells transfected with Flag-p65 alone (Figure 5a ). To determine whether the expression of copine-I was altering the solubility of the Flag-p65, we resuspended cell pellets in 2% SDS and performed western blots. Although SDS treatment of cell pellets increased our ability to recover Flag-p65, cells co-expressing copine-I cumulatively displayed less Flag-p65 protein (Figure 5a ). At first we thought that this was due to protein turnover, however, upon further characterization we found that copine-I was stimulating N-terminal cleavage of Flag-p65, such that the Flag epitope was lost. p65-specific antibodies to either the RHD (a-p65 276) or the C-terminus (a-p65 C-term) identified a 55 kDa immunoreactive peptide in the pellet fraction of cells expressing copine-I (Figure 5a ). These results suggest that copine-I stimulated endoprotease processing of p65 in the N-terminus resulting in a 55 kDa polypeptide. Importantly, expression of copine-I alone effectively processed endogenous p65 (Figure 5a ). To understand whether N-terminal cleavage of p65 by copine-I is associated with inhibiting p65 function, we examined whether Myr-copine-I was deficient at endoproteolysis of p65. As observed before, copine-I effectively stimulated endoproteolysis of p65, however, cells expressing Myr-copine-I were less efficient (Figure 5b ). Copine-I interacts with p65 across the RHD, which includes one of the two known IkBainteracting domains (238-243, Figure 3e ; Jacobs and Harrison, 1998) . Because of this, we investigated whether expression of IkBa could rescue Flag-p65 from endoproteolytic cleavage. Expression of IkBa effectively blocked the ability of copine-I to induce cleavage of p65 (Figure 5c ). To localize the region within p65 that is cleaved by copine-I, we created expression plasmids encoding two N-terminal deletion constructs spanning Total RNAs were harvested and QRT-PCR was performed using the IL-8 primer set. Western blot confirms the expression of copine-I and myr-copine-I proteins in stable cell lines. Separation of cell lysates into cytosolic (C), nuclear (N) and membrane (M) fractions demonstrates the localization of myr-copine-I from the cytosol to the membrane. HDAC1 and p105 serve as nuclear and cytoplasmic loading controls.
Inhibition of NF-jB transcription by Copine CS Ramsey et al amino acids 31-551 or 51-551. Consistent with data shown in Figure 5a , copine-I effectively cleaved the fulllength Flag-p65 protein (Figure 5d ). Although less efficient, copine-I also cleaved the Flag-65(31-551), but was unable to cleave the Flag-p65(51-551) protein.
These results suggest that copine-I cleaves p65 between residues 31 and 51 (Figure 5d) . A clustalw alignment of p65 (residues 31-51) with similar domains found in other Rel family members displays a high degree of conservation in amino-acid composition (Figure 5e ). This is not surprising because crystal structure analysis of the p65:50 heterodimer reveals that four of the five p65 amino-acid residues and five of the six p50 aminoacid residues located within this region are required for 
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CS Ramsey et al base-specific contacts with the kB DNA-binding element (Chen FE et al., 1998) . Next, we evaluated whether copine-I could post-translationally regulate other Rel family members. Copine-I effectively cleaved p65, p50, p52, RelB and cRel within the N-terminus of the proteins (Figure 5f ). Similar to p65, cleavage of p50 fragments was relocalized to the pellet fraction, as determined using a-p50-specific antibodies, which detect the C-terminus of the protein (Figure 5f ). These results support the hypothesis that copine-I is able to direct endoproteolysis of Rel family members within conserved domains required for DNA binding.
Loss of the DNA-binding domain converts p65 to a transcriptional repressor
Since the copine-I cleavage site in p65 is located within its DNA-binding domain, we examined whether this truncated form of p65 was functional. Cells were fractionated and nuclear extracts were analysed for the presence of Flag-tagged p65 or p65(51-551). Western blot analysis confirmed that both Flag-p65 and p65(51-551) were localized to the nucleus in the presence of copine-I expression (Figure 6a ). Electromobility shift assays (EMSAs) were performed on nuclear extracts to elucidate whether copine-I altered the ability of the full-length p65 to bind to DNA. Cells expressing copine-I displayed a significant loss of p65 DNA-binding activity as compared to cells expressing p65 alone (Figure 6b) . Consistent with the loss of p65 DNA-binding activity, the p65(51-551) protein was unable to bind to DNA (Figure 6b ). Although p65:p65 homodimers are not believed to display the same high affinity for DNA as the p65:p50 heterodimer, both homo-and heterodimers readily form DNA-protein complexes Phelps et al., 2000) . Consistent with this observation, we detected p65:p65 homodimer and p65:p50 heterodimers complexes, which were confirmed by super-shift analysis using a-Flag and a-p50 antibodies (Figure 6b ; data not shown). As predicted, expression of p65(51-551) failed to stimulate NF-kB transcription (Figure 6c ). Since a truncated form of p65 would not interact with DNA, we asked whether expression of the p65(51-551) protein could antagonize NF-kB transcription mediated by full-length p65. Expression of p65(51-551) inhibited NF-kB transcription in a dose-dependent manner when co-expressed with full-length wild-type p65 (Figure 6d ). To confirm that p65(51-551) was capable of inhibiting NF-kB transcription, we created stable HEK 293 cell lines expressing either VC or the p65(51-551) protein.
Cell lines were selected which expressed levels of Figures 6c and d , cells stably expressing p65(51-551) displayed significantly lower induction of IL-8 transcripts compared to VC cells. These results indicate that loss of the p65 region comprised of residues 31-51, which corresponds to the copine-I cleavage site, inhibits NF-kB transcription by deleting residues R33, R35, Y36 and E39, which are critical for base-specific contact of p65 with DNA. Our results are consistent with the hypothesis that copine-I induces endoproteolysis of p65, which acts as a repressor of NF-kB transcription.
Discussion
In this study, we examined the molecular mechanisms by which copine-I inhibits NF-kB transcription. We show that copine-I does not disrupt the canonical IKK signaling pathway, but rather inhibits NF-kB transcription in a unique way. Using siRNA knockdown and ectopic copine-I expression, we show that copine-I is a natural inhibitor of NF-kB transcription. Copine-I interacts directly with the p65 component of NF-kB, resulting in cleavage of the N-terminus of p65. Crystal structure analysis of the p65:p50 heterodimer bound to the DNA identified eleven base-specific binding residues shared between p65 and p50 (Chen FE et al., 1998) . Five of these residues are contained within the p65 protein, R33, R35, Y36, E39 and R187. Importantly, four out of the five residues within p65 are located within the Nterminus across the domain targeted by copine-I. Copine-I cleaves p65 within its base-specific DNAbinding domain, resulting in a form of p65 that can no longer interact with the kB cis element. As a result, p65 proteins lacking the N-terminus are transcriptionally inactive and yet they are capable of antagonizing TNFastimulated NF-kB transcription. More work is needed to understand how truncated p65 protein acts as a repressor. The RHD of p65 interacts with p50 in a region located between residues 222 and 232 (Ruben et al., 1992) . Since copine-I cleaves p65 across residues 31-51, the 55 kDa form of p65 still contains its p50-interacting domain. Therefore, the p65(51-551) probably acts as a dominant-negative repressor by competitively inhibiting Rel proteins required for DNA binding and NF-kB transcription. This would explain why expression of p65(51-551) effectively inhibits TNFa-induced NF-kB transcription.
Expression of IkBa blocked N-terminal cleavage of p65 by copine-I. These results suggest that proteinprotein interactions between IkBa and p65 may prevent copine-I from binding to p65. This is supported by the observation that copine-I interacts with p65 between residues 1 and 286. Since IkBa binds to p65 across two domains (238-243 and 291-314) (Jacobs and Harrison, 1998) , expression of IkBa probably prevents copine-I from binding to p65 through steric hindrance. However, we cannot rule out the possibility that cytosolic retention of p65 by IkBa aided the mechanisms protecting p65 from copine-I. The expression of copine-I does not alter NF-kB signaling pathways that involve TNFa-stimulated IKK activation and IkBa degradation (Supplementary Figure 1) . However, we did not examine whether copine-I interacted directly with IkB family members. Copine-I was shown to preferentially bind proteins containing coiled-coil and ankyrin-repeat domains (Tomsig et al., 2003) . In Caenorhabditis elegans, copine is require for spermatogenesis, and physically interacts with IkB-1, the ortholog of human atypical IkB molecule, Bcl-3 (Li et al., 2004) . Thus, copine is evolutionarily conserved and has been shown by other laboratories to bind to the IkB-family members.
Post-translational modification of transcription factors is a common mechanism to regulate the transcriptional response. Polyubiquitination of p65 has been shown to occur at the chromatin level and is believed to be the rate-limiting step in fine-tuning the duration of NF-kB transcription (Saccani et al., 2004) . Recently, p65 was shown to be degraded by an E3 ligase complex, ECS SOCS1 , which is recruited to p65 by COMMD1 (Maine et al., 2007) . COMMD1 is the rate-limiting factor that recruits elongins, Cul2 and SOCS1 in a TNFa-dependent manner to facilitate p65 turnover. Thus, COMMD1-mediated polyubiquitination of p65 regulates the duration of NF-kB transcription by controlling the half-life of the p65 protein. Our laboratory has previously shown that phosphorylation at S536 and acetylation at K310 are required for chromatin-dependent modifications that result in NFkB-directed transcription (Hoberg et al., 2006) . These two chromatin-associated post-translational marks are observed with transcriptionally active and short-lived p65. In stark contrast to COMMD1, we found that copine-I-mediated endoproteolysis of p65 results in a 55 kDa polypeptide that is resistant to degradation. Western blot analysis demonstrates that as a consequence, the 55 kDa p65 protein displays constitutive pS536 and AcK310 immunoreactivity (data not shown). This suggests that copine-I alters the fate of p65, such that it is no longer susceptible to polyubiquitination and degradation. Work is underway to determine whether copine-I protects p65 from the COMMD1-ECS SOCS1 E3 ligase through endoproteolysis of p65. Although copinemediated endoproteolysis of p65 inhibits NF-kB transcription, the biological relevance of this mechanism is not fully understood. More work is needed to determine whether copine-I differentially modulates cell survival advantage in response to select pro-apoptotic stimuli. Consistent with this notion, copine gene expression is elevated in late-stage breast and gastrointestinal tract cancers (Wilson et al., 2002; Huang et al., 2003; Kim et al., 2005) . Thus, microarray analysis of human tumors supports the hypothesis that copine expression is associated with poor clinical outcomes.
Data suggest that copine-I itself does not have endoprotease activity, but rather acts as adapter molecule that recruits enzymatic activity required to proteolytically process p65. This may reflect a more general function for the copine family of proteins in recruiting proteins bound to their ADs to membranes or to protein complexes (Tomsig et al., 2003) . Immunoprecipitated copine-I, and recombinant GST-copine-I alone or mixed with cell extracts, were both unsuccessful in stimulating proteolysis of [
35 S]-labeled p65 in vitro (data not shown). Moreover, the addition of the cellpermeable serine protease, lysosomal and proteosome inhibitors, failed to overcome proteolysis of p65 following the expression of copine-I (data not shown). Analysis of the Rel family of proteins revealed a conserved glycine-rich repeat GX 3 GX 3 G located just upstream of the conserved DNA-binding domain (Figure 5e ). This is a similar glycine-rich region identified in p105, which is required for proteosomal processing of p105 into the active p50 subunit (Lin and Ghosh, 1996) . However, delivery of permeable transmembrane peptides containing this glycine-rich repeat from p65 could not confirm the importance of this domain for copine-I processing of the Rel family of proteins (data not shown). This is not the first time NF-kB components have been shown to be regulated by endoproteolysis. NF-kB is an important transcription factor that is targeted by serine and cysteine proteases. In response to apoptotic cues, p65 is targeted for site-directed proteolytic digestion by the cysteine proteases caspase-3 and -6 (Levkau et al., 1999; Kang et al., 2001) . Caspasemediated processing of p65 blocks NF-kB transcription, suggesting that this is a common mechanism by which cells undergoing apoptosis disrupt NF-kB-mediated cell survival mechanisms. p65 has also been reported to be proteolytically digested by serine proteases (Preston et al., 2002) . PR3 is tissue specifically expressed in neutrophils, and interacts with CD11b/CD18 (b2 integrin), the major adhesion molecule in neutrophils (Kurosawa et al., 2000; David et al., 2003) . All b2 integrins form a functional heterodimer complex with integrin a subunits that recognize ligand binding via the vWA domain (Dickeson and Santoro, 1998) . It is the vWA domains of the integrin subunits that show significant homology with the copine-I AD (Whittaker and Hynes, 2002) . Therefore, perhaps one of the evolutionarily conserved functions of vWA domains is to associate with protease-containing protein complexes. This hypothesis is supported not only by PR3 interactions with integrins, but also by the ADAM metalloproteases that are known to interact and mediate site-specific cleavage of the vWF protein (Fujikawa et al., 2001; David et al., 2003) . Future work in our laboratory will focus on identify copine-I-interacting proteins associated with N-terminal processing of p65.
Materials and methods
Cell culture, reagents and plasmid constructs HEK 293, HEK 293T, prostate cancer cells, DU145, PC3 and LNCaP cells were obtained from ATCC (Manassas, VA, USA). Plasmids encoding the 3 Â kB-luciferase, Gal4-luciferase, Flag-p65, Gal4, Gal4-p65 (1-551), and GST-p65 were described previously (Hoberg et al., 2006) . HA-p65 expression construct was created by subcloning into pCMV-HA (Clontech, Mountain View, CA, USA). was generated by subcloning into pGEX-2T (Amersham Biosciences, Piscataway, NJ, USA). p65 plasmids used for in vitro transcription and translation (1-551), (1-313), (286-551), (354-551) and HDAC1 expression plasmid, were described previously (Ashburner et al., 2001) . and were generated by subcloning into pFLAG-CMV2 (Sigma, St Louis, MO, USA). IL-8-luciferase reporter and mutant IL-8-luciferase reporter were provided by the Dr R Natarajan, Medical College of Virginia, Richmond, VA, USA. Expression plasmids encoding HA-RelB and HAcRel were provided by Dr G Natoli, Bellinzona, Switzerland. Flag-IkBa expression construct was provided by Dr D Ballard, Vanderbilt U, Nashville, TN, USA. HA-copine-I, Flag-copine-I, HA-copine-I C2D, HA-copine-I AD expression plasmids and GST-copine-I were created by subcloning sequences from GFP-copine-I (Creutz et al., 1998) into pCMV-HA, pFLAG-CMV2 or pGEX-2T. Myristilate-copine-I (myr-copine) was created by subcloning myristilation sequence, MGSSKSKPKSR, in frame 5 0 of the Flag epitope in a Flagcopine-I plasmid. Copine-IV cDNA was obtained from ATCC and subcloned into pFLAG-CMV2. HEK 293 cells stably expressing plasmids encoding copine-I, copine-I AD, myristilate-copine-I or p65(51-551) were generated by transfection of expression constructs and selection of positive clones using the puromycin resistance plasmid pBabe-puro (Dr R Weinberg, Whitehead Institute, Cambridge, MA, USA). Copine-I antibody was generated using the unique C-terminal peptide coupled to keyhole limpet hemocyanin antigen. Polyclonal rabbit antibodies are available through Lake Placid Biologicals, Lake Placid, NY, USA (AR-0167).
